ABSTRACT Lutzomyia pseudolongipalpis Arrivillaga & Feliciangeli is the Þrst new sand ßy species in the L. longipalpis species complex that has been formally described since it was separated by genetic as well as by morphological characters. It is the putative vector of the American visceral leishmaniasis in La Rinconada, Curarigua, a restricted focus in central western Venezuela. We investigated the feeding behavior of this species. The blood meals from 210 of 429 (48.9%) engorged females caught by CDC light traps were identiÞed by a dot enzyme-linked immuno-absorbent assay using antisera against humans and common domestic animals. We propose a new index, the host selectivity index, which is the number of sand ßies fed on a given host relative to the available biomass of that host, as an indicator of the feeding behavior of this phlebotomine sand ßy. The host selectivity index is compared with the forage ratio, which is the percentage of sand ßies fed on a given host by the percentage which that host represented in the total census of available animals and humans. The most attractive animal for L. pseudolongipalpis in Curarigua was the dog, whereas humans were shown to be relatively unattractive. However, not only selectivity or biomass, but also the accessibility to this host may have inßuenced these results. The low population density of dogs and the low accessibility of L. pseudolongipalpis to humans in relation to domestic animals might help to explain the sporadic transmission of visceral leishmaniasis in this focus.
AMERICAN VISCERAL LEISMANIASIS (AVL) is endemic in many dry tropical regions of Central and South America, where almost 200,000 cases occur annually and Ϸ1.6 million people are at risk (Ashford et al. 1992) . In Venezuela, AVL occurs sporadically, with very low endemicity. The Þrst report was by Martinez-Niochet and Pons (1941) . From 1955 to 1999, a total of 818 human cases have been registered in this country (Files of the Department of Dermatology, Ministry of Health and Social Development) among Ϸ8 Ð18 million inhabitants (OCEI 1990) . However, because of the difÞculty of diagnosis, it is accepted that these Þgures may underestimate true case numbers. However, emergence of AVL in urban areas (Aguilar et al. 1998 , Zerpa et al. 2000 and the reemergence in rural areas (Delgado et al. 1998 , Zulueta et al. 1999 ) stress the importance of a better understanding of the epidemiology of this disease.
The widespread Lutzomyia (Lutzomyia) longipalpis (Lutz & Neiva) , Þrst incriminated by Evandro Chagas in 1936, was for long time regarded as the unique vector of AVL in the New World (Deane and Deane 1962 , Lainson et al. 1985 , Killick-Kendrick 1990 . However, because morphological variations and genetic polimorphism suggested that it is not a single taxon, but a species complex (Mangabeira 1969; Ward 1985; Lanzaro et al. 1993; Arrivillaga et al. 1999 Arrivillaga et al. , 2000a Arrivillaga et al. , 2000b , new questions have arisen on the number of species in the complex, their distribution, and their role in the transmission of visceral leishmaniasis. Lutzomyia pseudolongipalpis Arrivillaga & Feliciangeli is the Þrst new species in the complex that has been separated by both genetic (Arrivillaga et al. 2000a (Arrivillaga et al. , 2000b and morphological characters in the fourthinstar larvae (Arrivillaga and Feliciangeli 2000) and in the adult female (Arrivillaga and Feliciangeli 2001 ). This species was described from the AVL focus in La Rinconada, Curarigua, Lara State, Venezuela (69Њ 56Ј 12.92Љ N, 9Њ 58Ј 50.4Љ W; 680 m asl) and its distribution seems, thus far, to be restricted to this area, having been found sympatric with L. longipalpis in El Paso (17 km from Curarigua) (Lampo et al.1999) . In La Rinconada it constitutes Ͼ98% of the total sand ßy fauna that attack humans. Natural infection with suprapi-1 E-mail: mdora@telcel.net.ve. loric promastigotes was found in one specimen among 10,026 L. pseudolongipalpis females dissected (Feliciangeli 1999) (Travi et al. 1990 , should be done because they may help to explain different epidemiological situations of AVL, at least in Venezuela. In our study we investigated the feeding behavior of L. pseudolongipalpis in domestic and peridomestic habitats where the transmission to humans does occur.
Materials and Methods
Study Area. Sand ßies were captured in El Bruzual, a small village that is part of the settlement La Rinconada, Curarigua, Lara state, in the western Venezuela. Ecologically, this life zone is classiÞed as tropical dry forest (Ewel and Madriz 1968) , with a 5-mo dry season (JanuaryÐMay); an annual mean temperature of 24ЊC and annual mean precipitation of 500 mm. El Bruzual is a rural settlement of 26 houses. For the purpose of this study, a census of people and domestic animals was carried out in each house with the aim of quantifying the hosts available to the sand ßies.
Sand Flies Collections. Sand ßy collections were carried out between 1830 and 0630 h, four nights every month between June 1997 and June 1998 using a total of 663 CDC light traps (Sudia and Chamberlain 1962) placed overnight indoors (n ϭ 490) and outdoors in goat pens (n ϭ 24 traps) and at the edge of the Þeld area, up to 100 m from the houses (n ϭ 139 traps). Males were kept in vials containing 70% ethyl alcohol. Females were frozen in 10% dimethylsulfoxide in PBS pH ϭ 7.4. In the laboratory, specimens were identiÞed and the females were dissected and searched for parasites. If ßagellates were not seen, the gut content of engorged females was absorbed into small pieces of Þlter paper kept in 1.5-ml Eppendorf vials containing silica gel. Vials were coded and stored at room temperature inside a plastic jar containing more silica.
Blood Meal Identification by dot-ELISA. For the blood meal source identiÞcation, the Gó mez et al. protocol (1998) was followed. Available commercial antisera (Sigma, St. Louis, MO) IgG peroxidase conjugates against human and domestic animals were used. The gut contents of laboratory-reared L. longipalpis males were used as negative controls and sera dilutions in PBS 1:100 from selected hosts were used as positive controls. Brießy, sand ßy blood meal samples absorbed in Þlter paper were eluted individually in 100 l de PBS (pH ϭ 7.4) at 4ЊC overnight. After 24 h, 5 l of each eluate was transferred to a small piece of nitrocellulose membrane in ßexible plates of polyvinyl chloride and incubated at 37ЊC for 1 h. The plates were blocked with 150 l of phosphate buffered saline plus bovine serum albumin to the 1% (PBS-BSA) for 30 min at room temperature and them washed three times with PBS containing 0.05% Tween 20 (PBSTw20). The anti IgG host speciÞc peroxidase conjugate was diluted in PBS-Tw20 according to previously determined ratios and mixed with 50 l of each heterologus serum to reduce cross-reactions and enhance speciÞcity, incubated at 37ЊC for 1 h and washed three times with PBS-Tw20. Finally, the peroxidase substrate (4-cloro-1 naftol) was added and incubated for 30 min under dark conditions. The reaction was stopped by washing with distilled water. The samples were considered positive when deÞned blue purpled spots developed on each antigen dot.
Data Analysis. Paired results of blood meal feeding source for each combination of available animals were compared testing differences between two percentages using STATISTICA 5.0 (StatSoft, 1995) . For a relative measure of the feeding preference of L. pseudolongipalpis, we propose the host selectivity index. The available biomass for each host species present in the study area was Þrst calculated by multiplying the number of such hosts as counted through the census, by its estimated average weight. The host selectivity index was then calculated by dividing the number of sand ßies that fed on a given host by the available biomass of such hosts. Forage ratios were also calculated by dividing the percentages of sand ßies that fed on a given host by the percentage which that host represented in the total census of available animals and humans (Hess et al. 1968) .
Results
The census of hosts carried out in El Bruzual gave rise to the following results: 87 humans, 150 goats, one cow, 13 pigs, 10 dogs, 95 chickens, and one donkey. Among 10,026 female L. pseudolongipalpis dissected during the study, 429 (4.28%) were engorged. The blood meal identiÞcation was possible in 212 of 429 females (49.4%) of the specimens analyzed. The majority of specimens reacted with antidog (37.26%) and antigoat antisera (37.26%). The remaining sand ßies tested were positive to antipig (12.73%), antihuman (7.6%), antichicken (1.89%), antihorse (1.89%), anticattle (0.95%), and antimouse (0.47%). The comparison of proportions did not show signiÞcant differences between the number of females fed on dog or goat, but signiÞcant differences were found between these and the other hosts for the majority of the comparisons (Table 1 ). When such numbers were referred to the available biomass for each host (except mouse), as measured by the host selectivity index, this value was strikingly higher for dogs than for the other hosts: 0.79 versus 0.26 for goats and only 0.005 for humans (Table 2) . Forage ratios gave similar results with the highest value for dogs (13.37) and a very low value for humans (0.31), which was only lower for chickens (0.07). The two indices gave different results in relation to big animals. According to the host selectivity index, big animals did not attract very much Lu. pseudolongipalpis, while, the forage ratios showed that they seemed to be preferred to other hosts. 
Discussion
In vector-borne disease dynamics, the feeding habits of the vectors constitute an important aspect of their bionomics, directly affecting the disease transmission. In an anthropozoonosis, the catholic behavior of a vector will obviously secure the maintenance of disease transmission; however, as the rate of antropophily increases, the human-vector contact will also increase and the risk for humans of being attacked by infected ßies will be enhanced. Lutzomyia pseudolongipalpis in La Rinconada, Curarigua, was shown to be catholic in relation to the available hosts, because all antisera tested were recognized by at least one sand ßy. Multiple feeding also conÞrmed the eclectic behavior of L. pseudolongipalpis. It could be argued that feral animals in the locality, including foxes, putative selvatic reservoirs of AVL, often seen in that area, may also constitute a good blood source for hungry females. Because feral antisera were not tested, this may in part explain the high percentage of nonreactors. This may also have resulted from other factors, such as the small quantities of blood or the time past (Ͼ36 h) after the blood meal ). In relation to the feeding behavior of L. pseudolongipalpis on the domestic animals that we tested, the P values quoted above should be interpreted with caution, because they are not adjusted for multiple comparisons, which increase the probability that an apparently signiÞcant result may be observed by chance. With this test, no signiÞcant difference was found on the attractiveness of dogs compared with the attractiveness of goats. In contrast, the preference of L. pesudolongipalpis for the dog as blood source was assessed by both the host selectivity index and the forage ratio. Results obtained with pigs, humans, and goats using the two indices, were also quite congruent. Hess et al. (1968) interpreted values of forage ratio Ͻ1 as a measure of the "avoidance" of the sand ßies for that host in favor of other hosts. We interpret the result of the host-contact as a consequence of three variables: the selectivity or preference for that host, the availability of that host in terms of biomass and the accessibility of the sand ßies to such host. Despite the low biomass, a high number of sand ßies fed on dogs, which would indicate that dogs are highly attractive to L. pseudolongipalpis. Although an equal percentage (37.3%) of engorged females fed on goats, which, on initial inspection, would suggest that goats are not "avoided" by sand ßies, however, dogs and pigs, to a lesser extent, were preferred to goats. Goats constituted the more abundant hosts with a biomass comparable to that of humans. A host selectivity index and a forage ratio higher than for humans showed that they were preferred to humans. However, although humans constituted a large amount of available biomass, values of the host selectivity index and forage ratio were both very low, which might have been the result of less accessibility of sand ßies to humans, rather than "avoidance." Sand ßies may be intercepted in the peridomestic habitat by the presence of animals, which would constitute an important barrier of natural protection (Bendezu et al. 1995) that prevent the entry of sand ßies to the house, therefore the numbers of sand ßies that enter houses are generally lower than those collected outdoors. The house itself and its structure may also inßuence the accessibility of the sand ßies to humans and in consequence, the sand ßy endophagy, as observed in Þeld experiments on different populations of L. whitmani (Antunes & Coutinho) by Campbell-Lendrum et al. (2000) . During this longitudinal study in El Bruzual, the average female L. pseudolongipalpis per trap were 28.8 inside the house, 93.4 in goat pens, and 30.8 at the edge of the Þeld area. In relation to large animals in El Bruzual, the host selectivity index and the forage ratio were not congruent. In fact, the values of the host selectivity index were very low, whereas the forage ratios indicated that these animals seem to be very attractive to L. pseudolongipalpis. It is interesting to notice that this was congruent with KayÕs et al. observations (Kay et al. 1979 ) who developed a feeding index quite similar to forage ratio, because it was given by the proportion between the results of the feeding test obtained with two species of animals, divided by the expected ratio of feeding given by the proportion that that animal represented in relation to the other. When Kay et al. took into account the number and size of animals, the feeding index for the same animal dropped considerably. The authors called the attention on this fact and pointed out that, anyway, it is important to take in consideration the animal size. Quinnel et al. (1992) , studying the behavior of L. longipalpis from the Marajó Island, Brazil, concluded that the attractiveness of different hosts is largely a function of their relative size. This same conclusion was reached by Campbell-Lendrum at al. (1999a) who compared the antropophily between geographically dispersed populations of L. withmani. This is consistent with the low value of host selectivity index obtained with large animals, which indicated that feeding on these animals is probably not due to host speciÞc odors, but to a larger release of general stimuli (such as CO2) from (Pinto et al. 2001) . Forage ratio takes into consideration the frequency of a given animal; therefore, if this animal is present in low numbers and it is found, the forage ratios will always be high. Because this index does not take into account the biomass of an animal, it fails to differentiate, for example, between a mouse and a cow. In these terms, the host selectivity index would seem a most sensitive indicator of the feeding behavior than the forage ratio.
When Morrison et al. (1993) used forage ratio to quantify host preferences of L. longipalpis in Colombia, they pointed out the limitations of this technique, indicating that this index does not consider important issues such as the relative body mass, distance to capture site, and host defensive behavior (e.g., use of mosquito nets). We discussed above the inßuence of body size. In relation to the distance at which CDC light traps are attractive to sand ßies, Killick-Kendrick et al. (1985) reported for Phlebotomus ariasi Tonnoir a minimum distance of 2 m, Valenta et al. (1995) for L. youngi Feliciangeli & Murillo referred 6 m, and Campbell-Lendrum et al.(1999b) , for L. whitmani and L. intermedia (Lutz & Neiva) determined that the traps were attractive at least at 2.5 m. Our data on the average numbers of females collected by the CDC traps in goat pens and the numbers of goat blood meals show the importance of this variable. However, although goats were closer to the traps than other peridomestic animals, as dogs, the host selectivity index allowed detection of less selectivity of L. pseudolongipalpis for this host.
In relation to defensive human behavior, we did not observe the use of mosquito nets or insecticides in this village. However, in some houses, electric fans, mainly in the bedrooms, were seen, which is because that area is very dry and warm, even at night. The use of these articles as well as the less accessibility to humans, in relation to peridomestic animals, may protect people from sand ßy bites.
Because feeding behavior may be regulated genetically, interspeciÞc comparison between L. pseudolongipalpis and populations of L. longipalpis sensu lato might be helpful for the understanding epidemiological patterns of the disease from different AVL foci in Venezuela. Unfortunately, few data are available on this topic. Bendezu et al. (1995) published data on the feeding behavior of L. longipalpis s.l. from El Batatillo, Trujillo State, in the Andean region. They concluded that there were no signiÞcant differences among the proportions of ßies fed on human, dogs, cows and sheep. These results agree with those of Morrison et al. (1993) for L. longipalpis s.l. from Colombia who concluded that this species is an opportunistic feeder.
In this study we demonstrated that L. pseudolongipalpis fed mostly on dogs, which is thus far the only proven reservoir of AVL in Venezuela (Torrealba et al. 1961 , Torrealba 1970 , Zerpa et al. 2000 . In addition, our results showed a low human-vector contact. This situation and the scanty numbers of dogs may help to explain the sporadic transmission of leishmaniasis in the surroundings of Curarigua where three cases were reported in 1993 (one from La Rinconada and two from Curarigua capital), two cases in 1998, and two cases in 1999, all from Curarigua (Files of the Unidad de Informática, Instituto de Biomedicina, Caracas). Further studies using antisera of feral animals will help to the knowledge of the transmission dynamics of the visceral leishmaniasis in that focus.
